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Insertion compounds that are not stable in pure water can be prepared by an aqueous electrochemical method. 1 
pH of the electrolyte and/or the concentration of ions of the inserted species must be sufficiently high to provide 
stability for the product compound. The method is useful for further lithiation of conventional lithium ion battery 
cathode materials. 
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ddT, M°Litt. L i ^S©L i (DiV^ft^yz/^Jl 

*f ux#«t^tofb^iw** 0 , m 1 nt Li wssrc; Lfc 

L i (Jf A) +H2O « — ► 

h 2 m^^%mz4ktm<Dim±-\zmm 

M int Li + M°H20 

[L i+] + [H+] = [OH-] 
dCT [L i + ] tt, tJ|//'J7 h>KBL i + i 
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2kTln [OH"] =/z int Li + At°H20-M 0 Li+ +(1/2)m0h2 «6) . 
[0 0 3 4] imvU, .-tbTSf&t. TK^'fC^L-Ttt 

pH=- 1 ogio [H + ] 50 10- 14 T$,<5„ 
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1 ogio [OH1 =pH- 1 4 
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2 5T:TkT=0. 0 2 5 7 e VyWfUfiKK 
Sn/io T^TC0^C0m.f4tt. WPtfUH-T?&.5. 5£8 

(^iJ^-tt" Handbook of Chemistr 
y and Physics' CRCHDf© ^?>#5 
tl%>„ 10 

[0 0 36] it 1 ^-{jilffli-nt^. 
*£ int Li == M () Li-eV ' 
:i©it£it8(;:-ftAl/r 

/i-°Li + M°[-E0-/-* 0 0H--/.i O Li+- (1/2) w°H2 

V =3. 8 8 5-0. 1 1 8 pH 
it 9 tt, TkT^S > U ^OAWXit-^m^ 

[0 0 3 8] mife. lKO75^pHTC0^9(Dfi?^ 
V PH 



2. 2 2 8 
2. 346 
2. 4 6 4 
2. 5 8 2 
2. 7 0 0 
2.818 



1 4 
1 3 
1 3 
1 1 
1 0 
9 



.50 



[0 0 3 9] ^ttmz. 7-Mn02*ti£CDL i 2Mn2 
O4& -5 ^ HiL i M n 2O4© J: 3 &f *<J 2 . 8 
V&WL-T&O, #91 0«fcD pHTttL i OH 

<^S£»ttn?5ft3rc*s [li+] = 

V=3. 885-0. 118XpH- (kT/e) 
flftffPMi <SC9«fcJ*RStlfctS) «. [M+] < 
[OH-] T&D, ^©pHT©g£i&Ci8S3WtBE 

[L i + ].35lfefcfc-t [OH"] tC#L<&tMfr£ 
^^TCOU^^A^A^^c^^ffia [L i 
+] *3<fctf [OH"] <DW&j<Dm%X*$>Z>- 
[0 0 4 1] 43SW<TO5t**6**Sn*. 0 

fa. 

2 0H-(aq)^H20+ (1/2) 02(g) + 2e _ 
(+ 0 . 4 0 1 ^MMi TtabS SHE) 
ffclMB-m. 2a©SJ63fle*tfeCO, m— ©jig 



G£7) 

jtt ( teo-M°Li+-(i/2)jii ( te (its) 

L i (S) I- H2O(0— L i OH (ml lM) + 1 / 2 H 
2(g,STP) . 

gte^Jl^O&fttt 5 1. 2 3 K c a 1 /mo I e , 

2 . 2 2 8 e V/IK^f t?&<5, 
[0 0 3 7] itSfCftAT^i. 

0. 1 1 8 pH = 1 . 6 5 7 - e V +2. 2 2 
8 

eV = 3. 8 8 5 - 0. 1 1 8 pH (flK^;!/ 
h) 

(jR/l/h) St 9) 

[oh-] -e*s<oT, c:n«, 'j^a&fa-xafflfie 
t>^<fcfi:tipH**v^a-f^-xz)i!Barcfa, it4t;r 

?>*>;*:*<, pHt5* [H+] « [L i +] coJfUr 

75«j§sns (aat. a; 2 a, itn^L 1 oHms&s&i&i 
[0040] mm&mmzmm-irrt^ &ts£ j toy&M. 

H, [L i + ] <h [OH7] ©fiK*na?#L-t/4^-ec75 
U 7-5 A&mizm bT® i tlfettBEtt U 3^ ACDif Aft 

-&%©^s:ft*»T?>cfc o izms&ti/z p HCD*jft6* 

X 1 n (1 - [M+] / [OH-] ) 
xLi++x e~+ (L i if AflSS*) — L i x (Li 

(V (x) -3. 0 4V*fSHE) 
ZZX\ V (x) «. L i x (L i©J$AYt£* ©U 
f?A^lL i (C*fr-5ttJETa5D, 3. 0 4VHSH 

(0»J^.fcf Handbook of C hem is 
try andPhysics' CRCtBfig) „ 

[0042] m=i<DK^mmmmmMT(D7m<Dm± 

H20+e" = OH"+ (1/2) H2 (-0. 8 3 
VttSHE) 

v (x) a, *3ct^2. 3v&vbjK^<, mumm* 



(8) 
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[0 0 4 3] 02fct, *mi<V9§MV&fi&tt?T?&ZLZ> 

mfct.w&&imm\z3tiT&tuaz. (2 5°ctcdim l 

L ifZfcL V (x) =— S=2. 8VS3SU iBft»T, 
gSTTSL ifCfcfbTV (x) =-j£=2. 2V^ 

0£»#Affc£ttK:#ASn. Li x (U^AtfA-ftl^ 

<K0 srjgfi&rs. — m.2. 8v©^7i — «^rre*tt 

JltfcU *EBiSHEK*fbT-0. 8 3Va&§^«L 
i bT 2 . 2 2 VGDjfi^C^TU zfgJt9g£b&l 

[0 0 4 4] fl5ffl«ffiT?©*StP8£tt. 3e9KDj*mc«fc 

% J: P <hVK^^S)-5 lr ittH^MCDtf AflS^»HCl®£ 

[0 0 4 5] ifiSfi©BBJ|HffnSS7K*'T?S3£ 
r ^A#A'fb^i/SM!fi-r^c:i:tC*^T^ffl'rs%BJc7) j» 

u ±^^o#A<h-^(cT)2wt^-r^fe5e) 

[0 046] .S^(9^£^LTf§S*Tfcffc£*H, 49 

u 5=-^ A-r =t>^t©iebk>*j» t brie^s:^ 

^JTfSzIi^ftTV U 5^ A-f ^->M«?t6CD$f * b 
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[0 0 4 7] iESfBtt. ^fSEro^HWavcSliib 

fc*9?icfb bfc 'j ^i>,mxit^moym.m^ 

-5 (ZLGHRSW^^J-OffSbtsiEflBiHsm. Li x Mri2 

riTbS-5., bMTbfcf. 7;U5^AfgCD»£<7)ji5Mte 

[0 0 4 8] &S&tt, !E«a>lfcKK:WL-C!9*w^S 

«co!f^« (^Wtc:ll^bbfeM^^II»cDt,^'i^^ 
£$fflU 7JU5= i >AKftA.tm4Hffi*ffifflb*:C 

wn^-r>{'G:^ 0 £<a««tt. iE«Jbft2 3. iemt 

Ii2 4. M<D±Mk 2 2 , *«fcr^&a©Ti» 2 5 i b 

[0 0 4 9] if U — P— )V 1 4jaS6teO®6ffiJCllf AS 

n^>„ lljkjzZfjfXiry b 2 0«®il2 6 € 

EH3tt. *^cD!f#fFtt5^#^2, 0 9 9, 6 5 7^ 

Tg¥b<sa2Esnxv>-&dCD«t"5a^Hs^rBrr* 

SSfc, ZE^Ii-y— 5^ (PTC) ®liiCOM 

l\ /yy^-l 1 CD^^ISMtSIECD^f tbT. 
1 3ttA©^?c!:bTf^ffl-r'5o 
[0 0 5 0] jgS^IES^^l 5*<fc^&fi^^l 6 

2^3J;^1 7 it. ^m&OMW&^itr^tc 

86(cjfAsn^»„ wm^^rr^fc^fc^^^-i 1* 

ft 1 3 bd6^>S9(C, if U — p— 1 4 a^JL^KI* 

^t«^ 1 8 muz. ^n-s>o 
[0051] ioD»spc*wsai!^a, ;|§fifci^co# 

SCOT'S 0, ^©#tS^ffi3Afi*J{C^bS-&«)feCD«fc»i ■ 
[0 0 5 2] *^SWtC^:5«i!lfc*VsT, ^©fllfig*^ 
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[0 0 5 3] Li -Mn-OYb^*W>Cin*T»DSnT- 
(Dm^teL i x Mn O2fC.tr> TaSfr*n5 d t*«T*S 

Yb^»rx?*o. xtt&J^o. 5 £#«t-t i <Bra©gre 

J E^tmt^lBBffP-3ml{z:«toTS3?ESns 

sn, ^snacitAn?**. -tux. x**iciaH 

<h#, ^©^40t&T^iC«fetect^ a = 3 . 3 2 
1 A, c=4. 7 3 6AT*c&§„ COJ^&^HCO-O 

[0 0 5 4] mfiW&BTFfSKU ^BJCDVK-O^© 

A V y»>mWi Ui-Mn-O) 

VC&mt. L-TfflV i 6>ft&. f^ffl«KJ 2 f@CDJ¥£ 3 mm 

jXtTC<!:(3J;^Tf^e>nfco ^<7)g$<Z)T^tf>5 Ornm 
tC— 3£©^BISfiyt 2 0 WKDWM 2 rnmWTLtfBi! 
tt^tl^„ itSJlC, L i -Mn-0*&;&. Super 
Si7— tf>7*7y7 (En s a g r i <D$M) *cfcZ>\ 
#U2Wfct?:^J-r> (PVDF) Sr^-n^n. S*T8 
7, 10, 3*^trtE^fte6»6&S^— X b^N-*^ 
;i/t°D'J F> (NMP) j^JSrfflt^Tft^nTt,, ^-co^ 
— m^0>9&h^JSff^tL 

[0 0 5 5] «5fcfcHgi^*BfckSn. T i - (Li 

-M n - O) - T i ©-y-> H-f y ^SJBfiBfS <fc 5 C 

n^Ti o 5ro^iptffi5i#:^BViT^^n 

fc> MmW)temM\$4. 0g<DL i -Mn-0<£>*rr*£: 
5 c mX 2 . 5 c TV 2 ;£cr>5^ > 

♦*©ffl©L i -Mn-OJ»i, ^4mmCDff^-Tc5^ 

[0 0 56] T i m$£.Zf0m<D$m<DmiZ\3.23inf£ 
Li-Mn-OiK, 5 0 0mlGDPyrex (n— 
—>tf&m^&) m<D\£—ti<D7Qmm(Dm^lZiti6'b 
ft. tT-*ttL u c i t e (ftfltft) ©»XWbft&. 
JiaiWfCtt. tifHm2 5mrnT£o;fc. 

m<D$Mztift%mwzmt)*tifco 1 6 °c~ 9 6 tc©m 
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i£f££-t* Sftfc. «9?-^H{3« 3-4 .0 mAoe«&&JW 
iie^n. 2 4B*|BW^ 2 4 0^W$T^fiW*fj*Dtlfc. 

l i -un-ow&^m^tcmrf-oym-tw^ L i - 

[0 0 5 7] *ttOfKWt#SiK<D*t. T i C0it> K 
70 ffi£ftfc„ X»|sttff®jp»£<Z)ifcJ«)K:tt. Phi 1 i p s 

iboSH^-^y hcox,^ iE^©#yH^«fc>ft 

fc 0 Xlfcr 1 — &(D7^mfe.ffitixlZ\Z, R i e t v e I d 
(J. Appl. Crystal I ography, 
2, 6 5 (1 96 9) ) Hi 1 l*3=bt/Howa r d 
GDA— S?a> (J. Ap p 1. Crystal logr 
aphy, 1 8, 1 7 3 ( 1 9 8 5) ) 
h^iTAl^Wc T^Tcox^a'JStt. S^WT 

[0058] msm^ymtemt. f&s.K#ti&o>& 

20 Ml&totlfZ. ZLtim. f£3k<D2 3 2 5S<Z>S»£ft" 
. JILT. J. R. Da hn#fCcfc-5. Elect roc 
himica Acta, 3 8, 1 1 7 9, (19 9 
3) \ztm.^iVtT iV^Zy^mtc L'T^u—y'ifs v ?7, 

7c«6(C 1 fflDffXtry h 3 2 ^t^tlfc. U^^Aft 
S3 5. ^3 6^3j;c^iEg3 7 ■frt t te&7.& y 

30 Z\Z. ®mm<Dm$te3 3&£tf7^>UXmfc3 4lZ 

i 5/t-;i/cojBE^/0WP$n^>fecD^jiffl 

1 2 5 Mmc7)ff$<D:&JS?g#nj^A^3 5 
tL/Tffitoh/t. Celgard2502 Cfe^— — X 

-37 3 6 t LT^tpnfeo 3 8 itmtT'tn^tl 

5 0/2 5/2 5©tt*TCDDMC, PC*5J;(^EC©^ 
l M L i C 1 04&m&l<tz.Wm:& 

-So 

49 [0 0 5 9] JEM3 7tt. 2 0^m(Z)iP^©7;i/5^ 

ft Super S -fr-fcy-U-yZ mg) 

^3«fccXPVDFi^^iJ(^n«J(cx^U>yn 
fl/>>?X>^Eyv (EPDM) ^D^^M©g-& 

^('^LT^g^n^o l 

i-Mn-0*Jr5k. ts— ^yy'yy^. 43jct/PVDF 

t (epdm) cr>->/7p^it>^Sfc:snxe>n, ak 

CD^bfeflS©*© 3 %^E P DMi:?5:?)ck5 iz L 
5? fc, j§^J©->^o^-y->^7.7U— y:/ 



(10) #HIFF7-2 2 3 8 1 9 

17 18 

TM^-ttZtlfc.. iiiaiCDegxi:, Ili»;fcl3 J;^ 2 5 A— te. 5tMlZ£Z>L i 2Mn204 

;U©JEE*-U¥^^V- hO^TESn^nfco 1 . 2 X [0 06 2] $!?«J 2 

1 . 2 cmtf);fo*$<£>I0S3 7 T^S&^ifeft^^ " 1 <DL i 2Mn204/j>£#£n;tr^CD4®7)sii; 

Tf^e>nrco iEM3 7e, ^rti^^nmrnm^n. t m. 2, z^xs-Atm^nt^, ^2«. zt&ti 

MSrM^T^CiCJc^Tfgfi^L i -Mn-Ot4S}|' 0©tt J ?co^c : fcsg2^$nTt/i-5„ @6©a~eH 

bflfc - ffi^Si^l~4(D^n^ ; tlCD[Hl^^->^L 

[0 0 6 0] =K>S!«Wa. R^sfi(c:3 0± 1°C{CS 70 Tl^£„ L i Mn 2 O 4 '\C0L i ©#A« 2 ffico/x^jt 

■ofro MMU. T^T(DMMklZ£i^TimifcL i-Mn xl i + L i Mn 2 04 — xLi2Mn20 4 + (1 

-0»c:>tfL.T2. 8mA/gOPl££<ta;£ 0 ^ -x)LiMn204 

ffiMJEE© 0 . 0 0 5 VR±CD^{b©^a-(CfB^^ ffl0<t-^L i M n 2 C>4-*5i;l/L i 2 M n 2 0 4 W# 

[0 0 6 1 ] 1 & 1 2 tC <£^Tffi£^£ *!•?>,, £ t> (C^M{?iJ 5 Tid!} 

L i Mn20 4 ttL i 2C03*3J:mk^(3#?>nfe 2gg ^nfcilr^ffite. H6 e f~:£tf^> 3 IZ^TimS-^ 

4B#PflSa4"T7 5 0*CT?ig^-$n, SfSLfc„ [0 0 6 3] 0. 5eA(n*iffi, -O0tg^X|& 

^CD^^«8. 2 46AT-abO. (M. M. 20 CD[elllTHT^i£n-l>. C*-lttEI6 b (C^S^H T? 

Thackeray et al, J. Electr . WM^tl^ 43J;-^0. 5e/MnT!i L i2Mn 2 0 

ochem. Soc, 137, 769 (199 4 ©^©^T^^ii^gl^^T^S^n^ 

0) ) t&i,^- i5t^e>n-5. 4. O^ACDd©^ I6cT(l, ^2T?5f^;$n-5„ O. 5e/Mn 

fr^nrco wmmas. 2. sm l i cm^^n 4*^*5 m^^m-m „ i^Mta*B£#siW£iii 

fco 2 0mA<DWMfimn^n, lflS©^>;(j>{;:*fL #rk°-^tt, 1216 d&J;r/6 elzmiZ>„ S2tc. Jtffi 

TO. 73 mnmrtf 7 5 o C0^mMSTL i M n 2O4 W2 {CfB«lt^K<Dfc«6(^tonfc-&fiE^^To T 

COm-ffitC^fTbfeo 1^*«lH|iR$tU XiSWlsTtfffCcfc^ -CCcD*&fC:fe^T, ftfgcDif AYbl=r«£. L12M112 

Ti®S$nAc„ EI5«, fflyjgA"^— >£L i2Mn20 4 0 4 i7K'l4©»»W^«2. 5MOL i OHTSoit,, 

C0st#^^L (Ohz u ku et al, J. E » [0 064] 

lectrochem. Soc. , 137, 40 (1 9 [g2] 



UK** 


(mA) 


CO 


e/Mn 






1 


3. 0 


1 7 


0.3 1 


L i MnsO^L i aMnsO* 


ttV 


2 


20. 0 


90 


0. 63 


L i z Mn z 0 4 




3 


20. 0 


96 


O. 75 


l i zMnvOttmmm 




4 


40. 0 


96 


1. 6 1 







[0 0 6 5] HS£0iJ3 $n7to ^tlfc7fctt«?f^« 1 . 0M L i OHTg 

$e>tC, S^Sf5{C«£±i^mibTL i Mn20 4 j5^ffl 50 ^tz. ^^©tt^^mAT^fiftEMte 1 7^CT*& 
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m (+ 0 . 2 2 2 VMS HE); 

aCIJ. *tHtfiBfW>«BE75^ft WiflmSc/M n ©H8 

<Z*EE£iSbTt»5 (SB ^tiSBl^SWSftfcffiS:- 
33ft) . EI2*^r«k-5fc. ^«S«igftffi^l^^X 

ms he i- o. 4 o.i vojag5©«a:t*^ns. l i 

M112O4 - L 12MT12O4 ©HE©— 5£©gR#«\ L i 
CMS HE- 0. 2 4 V) }'MLT*<J2. 8Vi*f, 

n. «B»SBEtt-o. 6 4vt*6ns. teajsn* 
«B«Mtroa, lar-o. 9v (imsfc^) t& 

0 . 43*3 0 . 3 5 e /M n <t BffiSt^t &n«> ST— 

1. 6 vcDifi^£-etijifi{cM4>T£o -t© 
[0 0 6 6] Wt&<D-JjmVe/Mn 

tfio. 3 1 "^bwfi{^-5ST\ mmzntc. 

tlfcMK<DXmmlfrn$>—>U. L i2Mn20 4 £L i 
Mn204©=0©*B^ty£ <h£;SbTt^-5„ B^ffla 

^•SJCflHenyc., 08ta. d©L i/L i2Mn204 
<0®fic?MlEti#»S:^bTtiS. IWftte3. OV^sJ; 
ISA . 2 V©F B 1© 2 0 0mAh/g ©*£D©fi35Sfti« 
£tkU 2. 0Vi4. 6 OmAh/g© 

-tK ^;MSJt^"T. -tf-f i^nara. 4vo^7i — 

±T1 0 OmAh/g©jSRT?»4. 
[0 0 6 7] HlM#i|4 

r - M n OaHliS® L i 0. 36M n Cfctt. *t#Mfe*©S 
«=^tT7>;*f> (H#^e>A^©TAD#l (j$80 
^R) i: Li OH H20fc«fc^Tf£S*T/!u 
H#fffg4, 9 5 9, 2 8 2#[Cf^(Dcte)iC^iC^ 

^stt, ^t4nssi$iBi3 5 o°cTM$tifc. #e>n 
fcMSh(Dxmmm^— >izm 9T^*n-&. l i 0 . 36 

Mn02 ©±e£#JkL 7M£©#ffifc:«fc-3TL i ©S&-5 
if A©fc8e>»rH&K3aE bfc=t -5 fcf^fflM©ISfifc:ffiffl 

«^SibT2. 5M©L i 
OHSffit>. .0. 5 e/Mn<DW^fti£#-5>£:g>tCl 

6t:T3mACD«^n?^$nfcc 5fei;sfta©x«® 

Effif/^-->HEI 1 OTSKStl*. Mi r-MnO 
[0 0 6 8] ft(|(^©3^>MMtfaiEliC!>t*RtL/ 

tt. !^bfdii^^;i/©^m©^«M«££^b 

Tl^„ «lfifl>*ai«)3teS©M»w, L i ©£U2 3 OmA 
h/gjMfeWlT, 8 0mAh/g©Rl3i»G>U- 
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[0 0 6 9] 3lSS0iJ5 
^^J40<^^{C7K14«MfcDii&5^onfc„ zM4© 
2. 5 ML i OHODWSfiBD&Sfiebtt. 2 8m 
A©«T 7 5 , tnS8f£S ftfc. 0 . 9 8 e /M n COM 

02©j&^7l — CH&U ^£T©#3fc©5E&KflS 
j&*tt»E£8ftbTH3. ftawXISlHttff/^^— >HEI 1 2 

i^sntu^, ^ ©A^->«a 9 T^^mi 

JO ^ftHOfeOfciHiKbTV^V^ -£-©JL Bragg© 

t— ^ofia»aH6 eT-3 i^^n/ct— 2<n&n&t. 
lERHc-Srrs. 

[0 0 7 0] ^©y^-ytt, ffrT^3fc&*a = 3. 3 2 
1 A£<fctf c = 4.- 7 3 6 ATaB^ftf©#fttJl'T 
Bra g g©t°— ^©^$43j;t^fi: 
«WMbfc«^L i T i S2 CHSLfctfi^U 
Tl^l:lx§ (J. R. Dahn et al, 
Can. J. Phys. , 58, 2 0 7 (1 98 
0) ) . 

20 [0 0 7 1] Mn (OH) 2 a = 3. 3 4 

A*«fctfc = 4. 6 8A©ttffi£iS:©L i T i S2 (C— 

ifebfcBKSSr^rbTti*. cnsa^gtfi. '©#ra# 

JfiW©tflsf©fk*»W (^zSSf^g^-7"^Xv©KM 
##r?*££yH) «u Mn^7t0 0. 8 7 L i Ig^^tr 
dtSsKbTt^.g). Mn (OH) 2 ;W;iO*> 

2 0°CT«$n^i, *£fcM©ia5te&S*3 
rO. Mn043J:rjCH20 lZ$mTZ>„ 2tttr5£, Z. 

[0 0 7 2] <1©L i -Mn-04Ml}J, 7ktt©tt^ 
. «©«BE?55-|1 6 T7K$ tl-g>7K*^©^°^ 1 — (Cgljjg b 
fc<h#(C. Xt°^;|/^©L i 2 Mri20 4 ^e^fC^fig 
$n§„ dl©L i -Mn-Offlt ^^JU*^hf^;M*i 
Jf<fc9fer-Mn02 «ifi^©%K^ ■=»■¥•< ±b^>„ 

^jms^mmvz^titz. mi 3ttto«!!©tet 

Sa®^ft*^bTViS„ Liii 4. 0V$T|<)1 3 
40 OmAh/gSTftlHSftS. ^bT, ^©«^«Sfc 

[0073] WMi©waBj5t^ E(D^o\z\^xmm 
i-Mn-ofb^» (d^ST?^ne.nxv^^g©fe© 

gudige. bTam#ictig^tst)nSo 

5? [0 0 7 4] 
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[04] zi-Y >^CD|S^®feO^!i^iEI^1-HT . 

m 6 1 mmm 2 common tsm 1 ~ 6 coxwmm 

[07] mmm3iz&i,?%fr\mmm<Dimmgj£& 

[08] HM^J3CDn-r>SmcO«ffi*l^a?:^ ii? 

[0 9 ] ^M^iJ 4 (Dmm>>WV&& L i 0. 36M n O2 



[010] I^E^J4 0^^SCOX^[hI^^— >€: 
l£OJlTS0Tr&3 o 
[011] ^SS^I4(Da<>^«mcr)miI*f#a^ 

[012] mrnm 5 ©£^11 ©x^®f/rA^->£ 
[0i3] mmw 5 <z)n -r >^m<©*E*f^s£:!& 

i-^ffl*»%#. 2-m,-(DWMk-£W* 3 
S. 4-flWfi& 6 7-7C 

as. 8 u-A7^- 12-mm^ 13- 

At. 1 4— -tf'J — a— Jk 1 5-IES3 7 :/. 16-il 
^"7\ 1 1 8-«Bffl£ , 2 0 

K 2 2--fti0Jb&. 2 3--IES±jft, 2 4-.iEffiT 
St. 2 5"-£fianRtfc 2 6— W&. 3 1 -7t>I/7 
SflicDSi. 3 2 - 3 3- -tWHHOKWaSa, 

3 4 • • -Xfy^X*. 3 5---U ^Aftft '36-t 
$\ 3 7-IES. 3 8-fiMBS. 4 0-«btt 

<7»r 



01] 




[03] 






0.5 q 




0.0 - 




-0.5 




-1.0 : 






SHE 


-1-5 : 
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